Introduction
Recent years have seen extensive research into biological invasion [1] [2] [3] , reflecting the increasing global problem of alien species. The occurrence of alien plant species (divided, based on immigration time, into archeophytes and neophytes [4] ) differs according to ecosystem characteristics. Anthropogenic vegetation is generally the most invaded habitat type [2] [3] [4] [5] [6] [7] [8] , due to strong disturbance and management. However, there are also differences because the disturbance differs according to a region's areal extent, magnitude, frequency, predictability and turnover rate [9] ; this results in patchy habitats at different successional stages.
Invasive species are considered to be the second largest reason for biodiversity loss world-wide [10] and, in recent years, national and international environmental policy and legislation have begun to reflect this fact. In central and southeast Europe, risks originating from alien species -particularly with regard to the negative impact on the biodiversity of native species -seem to represent a huge problem. However, this relationship is scale dependant so is not straightforward [11] [12] [13] .
Recent studies on alien plant species tend to use vegetation plot data [5, 8, 11, 12, [14] [15] [16] , but large-scale quantitative sets of species distribution are scarce. It has been shown that the use of phytosociological relevés (the same methodology of sampling over a larger area and long time period) is more accurate than floristic grid mapping due to the smaller scale of samples [5] on different scales. This method also benefits from the additional information represented by species abundance data. The abundance and cover of alien species captures more information than simple presence/absence data, since many invasive plant species form mono-dominant communities in natural vegetation. This becomes important for conservation managers because the cover of alien species, rather than their number, has the most significant effect on native species' diversity [17] .
There have been some studies on alien plant species in the northwest Balkans, primarily at the species level and at regional scales. Most of them have dealt with economically important invasive weeds [18] [19] [20] or with new alien species often of casual occurrence [21, 22] . In contrast with northern parts of Europe or even some parts of the Mediterranean region, less attention has been paid to alien flora in general and especially to the level of invasion of particular habitats with different environmental conditions.
In the current study, we have focused on the degree to which alien plants invade man-made habitats in the northwest Balkans. The study area, comprising a Mediterranean region and its bordering Continental region, allows alien species occurrence to be considered on a regional scale where previous studies only compare distinct regions [5] . The social and political system is also consistent across the study region. The main questions of our study were: (a) Which man-made habitats are most invaded? (b) Which environmental variables best explain invasion by archaeophytes and neophytes? (c) What differences in environmental conditions affect alien species invasion according to phytogeographical region (Continental vs. Mediterranean)?
Experimental Procedures

Material
For the purpose of analysis, we compiled a large dataset of vegetation relevés from the northwest Balkans (former Yugoslavia) that considered annual and perennial ruderal vegetation of man-made habitats (arable fields were excluded). In total, 3589 vegetation relevés were entered into the Turboveg database [23] . Vegetation relevés were assigned to syntaxa on the basis of the original author's classification.
In order to avoid oversampling, we randomly selected only five relevés of one syntaxon from one locality made by a single author. In order to exclude relevés whose species composition deviated by more than two standard deviations, we used Outlier Analysis in PC-ORD 5 [24] . This left 3089 relevés with 1366 species from the northwest Balkans recorded between 1939 and 2009.
In order to describe the salient environmental conditions in each sample plot, we determined variables that correspond to regional climatic conditions, local habitat conditions and anthropogenic pressure as a surrogate for propagule pressure. Population variables and GDP were used for the latter.
We obtained the following variables for each plot: -Altitude (m) -Annual mean temperature (°C) -Annual precipitation (mm/year) -Population (number of inhabitants in a municipality) -Population density (inhabitants/km 2 ) -Gross domestic product -GDP (in former Yugoslavian dinars per municipality) -Proportion of urban and rural population (%) Phytogeography according to Horvatić [25] .
Climatic variables (annual temperature and precipitation) were obtained from Hijmans et al. [26] from www.worldclim.org. Statistical data for the municipalities of ex-Yugoslavia (523 municipalities) were taken from the Statistical Yearbook [27] .
Classification of species with respect to residence time into archaeophytes and neophytes was done according to [4] and [28] . A plant species was designated an archaeophyte if it was classified as such in at least one area (state) and a neophyte if it was classified as a neophyte and not as an archaeophyte. Local lists of flora were used for classification [20, [29] [30] [31] .
For each plot, we calculated ecological indicator values (EIV) [32] . These were used to represent the environmental conditions of the habitat; as such, only species that were native to each plot were used when calculating the EIV.
The life strategies of plant species were taken from to Grime [33] . Three main categories -C (competitor), R (ruderals), and S (stress tolerators) -and a further four intermediate categories were taken from the database BIOLFLOR [34] . The proportion of C, S and R was calculated for each plot from the complete species list.
All taxa that were determined only to a genus level, as well as all bryophytes, were deleted. Species nomenclature followed Flora Europaea [35] . The nomenclature of syntaxa follows Mucina et al. [36] .
The dataset was further subdivided into two subsets (Mediterranean and Continental) according to the phytogeographical affiliation of a single plot (Figure 1) . The Mediterranean subset comprised of 631 plots; the Continental, 2458 plots.
Methods
Ordination analysis (Principal Components Analysis, PCA) was used to show the relationship between selected environmental variables. A plot by variables matrix was used in the program CANOCO 4.5 [37] .
We used the General Linear Model (GLM) to determine the relationship between the proportion of alien species (archaeophytes and neophytes) and individual environmental variables. With partial analyses, we were able to calculate the variation of the proportion of alien species explained by an individual environmental variable and its partial effect, by removing the influence of all other variables from the analysis.
Classification and Regression trees (C&RT) were used to predict continuous dependent variables and to find the relationships between the ratio of alien species and environmental variables [38] . This method algorithmically determines a set of split conditions in tree nodes that allow accurate prediction of cases. Data mining reveals simple relationships between variables without a priori knowledge. Data are split into two mutually exclusive groups that are homogeneous as far as possible: meaning that the response variable is minimized in within-group variation. Each group was split further based on a single explanatory variable. In order to determine when to stop splitting cases and to obtain an optimal tree size, we used 10-fold crossvalidation with the S.E. rule = 1 [39] .
In each node, we used surrogate predictors that also predict the splitting of cases (in addition to the primary splitting variable) and enable explanation of the pattern of variation in the dataset. We used 0.3 as an associated value to consider the surrogate valid.
The STATISTICA 8.0 program [40] was used for univariate statistics, GLM and regression tree analyses.
Results
Principle component analysis (PCA) of plots x environmental variables shows the grouping of environmental variables and their relationships ( Figure 2 ). The number of inhabitants, gross domestic product (GDP) and proportion of urban population were correlated with the first axis. Altitude and rural population are also related to each other, while annual temperature is correlated with population, GDP and urban population. In contrast, annual precipitation is negatively correlated with the latter group of variables.
All vegetation plots (relevés) together contained 1366 species and the proportion of alien plant species was 12.7%; the proportion of archaeophytes 4.3% and neophytes 8.4%. The proportion of alien species differences between the first and the last two periods, while in the proportion of neophytes, only the first and the last period are not significantly different.
The highest proportion of alien species (Table 1 ) was in annual ruderal vegetation (class Stellarietea mediae), followed by perennial ruderal vegetation (Artemisietea), and the lowest proportion was in perennial nitrophilous vegetation (Galio-Urticetea) and trampled vegetation (Polygono-Poetea). A low proportion of archaeophytes was especially evident in the last two vegetation types -strikingly low in semi-natural vegetation on the banks of rivers (order Convolvuletalia sepium). The lowest proportion of neophytes was in semi-natural mesophilous and nitrophilous perennial communities (Lamio-Chenopodietalia boni-henrici). The highest proportion of archaeophytes and neophytes was found in thermophilous grass-rich ruderal vegetation on dry sandy soils (order Eragrostietalia).
The most common archaeophyte was Malva sylvestris, with a high frequency in all four vegetation types. In contrast, neophytes differed among vegetation classes. Matricaria discoidea was most frequent in trampled vegetation, Erigeron annuus, Conyza canadensis and Ambrosia artemisiifolia were mostly found in the class Artemisietea. In annual ruderal vegetation, Conyza canadensis was most the frequent species but Portulaca oleracea, Amaranthus retroflexus and Conyza bonariensis appeared in the order Eragrostietalia. Solidago gigantea, Fallopia japonica and Echinocystis lobata were abundant in nitrophilous perennial ruderal vegetation (class Galio-Urticetea), especially in vegetation along rivers (order Convolvuletalia sepium).
The regression tree (Figure 4 ), explaining the proportion of archaeophytes in man-made vegetation,
shows the first split into two groups based on EIV temperature, EIV nutrients, EIV moisture, EIV light, proportion of competitors and ruderals and annual mean temperature. Approximately equally-sized groups split on the temperature gradient, and further nodes are based mostly on the proportion of ruderals and competitors, while the two terminal nodes are based on the proportion of stress tolerators.
The optimal regression tree, explaining the proportion of neophytes (Figure 5 ), divides the vegetation plots based on annual mean temperature (higher than 9.25°C) and altitude (lower than 431 m). The group of 2146 plots then splits according to the proportion of ruderal and competitor species. Two thirds of plots have a lower proportion of ruderal species and the next node splits a low number of highly nutrient rich plots. A group of 729 plots with a higher proportion of neophytes occurs in sites with a high proportion of competitors. In the next splitting, most thermophilous vegetation plots with a high neophyte proportion subdivide. In the first node, a group of 943 plots with a lower proportion of neophytes further divides according to the ruderality of the site.
The relationship of the proportion of archaeophytes (Table 2 ) was strong for climatic variables and some site conditions (EIV for moisture and nutrients). The proportion of neophytes was strongly related to altitude and GDP and nutrient rich sites. Both types of alien species were related to the proportion of ruderals in the stands. Correlations are relatively low, but comparable to similar studies [6] .
The general variation of the proportion of archaeophytes was explained by the proportion of stress tolerant species, followed by the EIV value for temperature. In the case of neophytes, the most important variables were the proportion of ruderal species, GDP and EIV for nutrients. Division of the data-set into two subsamples from the Continental and Mediterranean regions showed some differences. There is significantly (Mann-Whitney U test, z=-11.39, P<0.001) higher species richness, with more archeophytes in the Continental part, while the number of neophytes differs less significantly (z=1.98, P<0.05). Comparison of the ratio of neophytes shows no differences, while the ratio of archeophytes differs significantly (z=-11.40, P<0.001), being higher in the Continental part (6.80% vs. 4.04%).
In the Mediterranean region, the urban population is important in determining the ratio of archeophytes and neophytes. Temperature (EIV) and nutrients (EIV) are important for neophytes, while archaeophytes are found in communities with more light. In the Continental region, neophytes are found in areas with higher GDP.
Some differences are evident in a comparison of the occurrence of the same type of alien species in different phytogeographical regions (Table 3) . Archaeophytes in the Mediterranean are indifferent to annual temperature, while in the Continental region, annual temperature plays a role on a regional and local scale. For neophytes, ecological conditions are more similar (nutrient rich, warm sites) but sites with a higher ratio of neophytes are more disturbed in the Mediterranean region.
Discussion
Proportion of alien species
Human influenced habitats usually harbour a large proportion of alien species. However, this fact is strongly influenced by the scale of sampling units (vegetation plot, city, state) [6, 14] and by the latitudinal and altitudinal gradient [12] . Many studies dealing with alien flora have mainly used grid data [41] [42] [43] [44] [45] and results are not comparable to the results of studies in which flora was sampled in habitat plots [6, 14, 16] .
Flora of human influenced vegetation in the Balkans consists of 4.3% of archaeophytes, comparable with Italy, whereas the proportion of archaeophytes is [6] . On the other hand, the proportion of archaeophytes in Great Britain is comparable, at 6.7% [5] . The proportion of neophytes more closely resembles habitats elsewhere in Europe. In the northwest Balkans' anthropogenic habitats it is 8.4%, similar to results from man-made habitats in Central Europe (9.6% for annual ruderal vegetation [14] , 7.3% [6] ), the Atlantic (4.5%) and the Mediterranean (5.3%) [5] . Neophytes are generally more abundant in urban habitats [46, 47] . Neophytes are mostly thermophilic plants that find suitable conditions (less frosty days, higher temperatures) in urban habitats in continental Europe, while such sites are widely distributed in the landscape in the southern part of Europe.
Importance of various factors on the level of invasion
The level of invasion (as the proportion of alien species in a habitat) depends on biogeographic, climatic, economic and demographic factors [12] . We therefore used several proxies to characterize the habitats with the highest proportion of archaeophytes and neophytes. Plant strategies indicate habitat characteristics. Plant strategy has a strong predictive power with respect to the proportion of each alien plant type in anthropogenic vegetation; climatic variables were less important, and the influence of propagule pressure was even less important. Pyšek et al. [12] , who used vegetation data and habitat characteristics on a smaller scale, found these factors to have the same relative influence on the proportion of alien species. Human influence (e.g., wealth and demography) seemed to have more effect when considering data of all alien taxa from Europe; nevertheless, when restricting the data to plant species, climate and insularity have a strong effect [12] .
Life strategies [33] were used to indicate disturbance regime and stress. Man-made habitats and anthropogenic vegetation are a product of human influence that is best represented by various disturbances [8] and is indicated by a higher proportion of R-strategists. We found a positive relationship between the ratio of alien species and ruderal strategies. A similar pattern was found in Central European anthropogenic vegetation [6] , while in Slovenia, strictly R-strategists were confined to arable land and CSR strategists to ruderal vegetation in the narrower sense [8] . The habitats with the highest level of invasion are strongly and frequently disturbed by high pulses of nutrient (resource) availability [12] .
Another informative result was a negative correlation between proportion of aliens and S-strategists, showing that aliens avoid man-made habitats with high stress; in the case of the Balkan Peninsula, these are mostly warm and dry habitats. This is also confirmed by the negative correlation between archaeophytes and EIV-moisture value.
Differences between archaeophytes and neophytes
There are differences between patterns of archaeophytes and neophytes in man-made habitats in central Europe and southern Europe. Archaeophytes originate from the Mediterranean basin or the Near East [48, 49] and have expanded their range with the spread of agriculture; as such, their proportion increases towards northern parts of Europe, because many of them are native to southern Europe (or else their status is doubtful) [43] . Archaeophytes are more influenced by habitat conditions indicated by stress tolerators (indicating low availability of resources) and EIV-temperature and ruderals as indicators of disturbance (Table 3) . Compared to Central Europe [6] , climatic (mean annual temperature and altitude) factors are more highly ranked, showing that these species are more similar to native species [42, 50] . The importance of stress tolerant species and the proportion of archaeophytes are both probably linked to the warm and dry habitats of their home environmental conditions, with low productivity. Studies from Northern [51] and Central Europe [6, 15] have shown a closer relationship between the ratio of archaeophytes and disturbance, which was explained by evolutionary history and long adaptation to disturbance through agriculture. In contrast, researchers in Southeast Europe [52] found a prevalence of competitive types (C) for archaeophytes and their occurrence in ruderal vegetation. Archaeophytes with a different strategy and occurrence in segetal habitats are extinct or declining. The pattern of neophytes is similar to that observed in other parts of Europe. Broad-scale environmental conditions are not hugely important for the proportion of neophytes, although neophytes are more confined to warm habitats (annual temperature higher than 9.2°C). Habitat conditions and propagule pressure are more important. In the Balkan Peninsula, amonghabitat characteristics, disturbance and EIV-nutrients denote more invaded habitats, while in Central Europe, this is true of sites with EIV-light, indicating that neophytes invade open sites [6] that are again the product of disturbance. Altitude plays an important role in neophyte invasions. This could be a function of temperature, and in the comparison with archaeophytes this could also be related to propagule pressure. The proportion of neophytes is higher in more urbanized areas (in correlation with a less rural population and higher GDP). Pyšek et al. [12] showed that human population density and economic wealth are major factors determining the invasion of species and are more important than environmental factors (climate, geography, land cover, etc.).
Differences in phytogeography
Chytrý et al. [5] have already reported that alien flora is more similar between different habitats within the same region than between the same habitats of different regions. Dissimilarity between the two regions (Continental and Mediterranean) was therefore expected.
In the Continental part, the proportion of alien plants is correlated negatively with S-strategists and positively with GDP (an indicator of urbanity). A similar pattern emerges when comparing of archaeophytes and neophytes, but archaeophytes are more confined to warmer parts of the region and drier habitats and are generally found at higher altitudes. In the Mediterranean, neophytes are more thermophilic than archaeophytes which require drier habitats. Generally, alien plants require soils with a higher pH, and more heavily-disturbed sites.
The Mediterranean region is less invaded than temperate Europe [53] , but a high level of invasion is still evident on the coast and in larger urban areas. Gasso et al. [44] designate these areas as hot spots of invasive plant richness. Our data of man-made habitats are from such areas and therefore show a similar level of invasion to those of the more temperate inland regions. This difference is mainly due to the lack of archaeophytes in the Mediterranean region.
The Continental region shows a significant relationship between proportion of alien species propagule pressure. Chytrý et al. [5] have shown the effect of propagule pressure to be lower than the effect of habitat characteristics. When comparing temperate and Mediterranean regions, we showed the environment to be more important in the latter. This may be because the analysis was restricted to man-made habitats, and because a high susceptibility to aliens is linked to disturbed habitats in both regions.
By analysing a large vegetation database, we identified major patterns of alien species occurrence and compared them to other parts of Europe. The pattern of neophytes is similar in the northwest Balkans to the rest of Europe, and is most strongly influenced by site conditions, whereas climate is the more important factor affecting archaeophyte abundance. When comparing Mediterranean and Continental regions, some differences emerge in the absence of archaeophytes in the first region, while in the second region, site (nutrients and disturbance) is most important.
